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Abstract of JP2004272001 

PROBLEM TO BE SOLVED: To provide 
an aspherical single lens constituted so that 
wavefront aberration remaining in all the 
incident light is small, the curvature of field 
is small, and loss caused in an optical 
system is restrained to the minimum. 
SOLUTION: The aspherical single lens 
optical system is constituted of an entrance 
pupil forming part and the aspherical single 
lens whose surface on an incident side is an 
aspherical surface having positive power in 
order from the incident side, and the 
aspherical single lens satisfies following 
conditions (1) to (3). (1) 0.05<Rl/f<1.0 (2) 
0.2<(D+SB)/f<1.0 and (3) 0.01<IH/f<0.1. 
Provided that Rl means the reference 
radius of curvature of the first surface from 
the incident side of the lens, f means a focal 
distance, D means the thickness of the 
center of the lens, SB means length from 
the position of an entrance pupil decided by 
the entrance pupil forming part to the first 
surface of the aspherical single lens and IH 
means the maximum image height of input 
light made incident on the aspherical single 
lens. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 

It is the aspheric surface single lens optical system which consists of the entrance 
pupil formation section and an aspheric surface single lens whose field by the side of 
incidence is the aspheric surface of forward power sequentially from an incidence side, 
and is characterized by said aspheric surface single lens filling (3) from the following 
conditions (1). 

(1) 0.05<R1/f<1.0 

(2) 0.2<(D+SB)/f<1.0 

(3) 0.0KIH/K0.1 

However, the die length from the entrance pupil location where a focal distance and D 
are decided by thickness based on lenses, and SB is decided [ R1 ] by said entrance 
pupil formation section by the criteria radius of curvature of the 1st page and f from 
the incidence side of a lens to the 1st page of an aspheric surface single lens, and IH 
are the maximum image quantities of the input light which carries out incidence to an 
aspheric surface single lens. 
[Claim 2] 

Said aspheric surface single lens optical system is aspheric surface single lens optical 
system according to claim 1 which carries out the description of having an 
angular-dispersion component. 
[Claim 3] 

The 2nd page of said aspheric surface single lens is aspheric surface single lens 
optical system according to claim 1 or 2 characterized by being a flat surface. 
[Claim 4] 

The 2nd page of said aspheric surface single lens is aspheric surface single lens 
optical system according to claim 1 or 2 characterized by being a concave surface. 
[Claim 5] 

Aspheric surface single lens optical system according to claim 4 characterized by 
satisfying conditions (4). 

(4) 1 < R2/R1 < 10 

However, R1 and R2 are the radius of curvatures of the 1st page and the 2nd page 
from the plane-of-incidence side of an aspheric surface single lens. 
[Claim 6] 




Aspheric surface single lens optical system given in claims 1-5 characterized by for 
the 1st page of said aspheric surface single lens being a convex, and being the 
aspheric surface with which conditions (5) and (6) are filled. 

(5) -40<k< 15 

(6) 1.0x10-8 < — a < — 9.0x10-4 

However, k The cone constant of the formula of an aspheric surface configuration and 
a are the 4th aspheric surface multipliers of an aspheric surface type. 
[Claim 7] 

Aspheric surface single lens optical system given in claims 1-6 characterized by 
satisfying conditions (7). 

(7) 0.05 < NA < 0.25 

However, NA is the numerical aperture by the side of the image of an aspheric 
surface single lens. 
[Claim 8] 

Aspheric surface single lens optical system given in claims 1-7 characterized by 
satisfying conditions (8). 

(8) 20 < — nud < — 95 

However, nud is the Abbe number of the ** material of an aspheric surface single lens. 
[Claim 9] 

Aspheric surface single lens optical system given in claims 1-8 characterized by 
satisfying conditions (9). 

(9) 10 < f < 100 

However, f is the focal distance of an aspheric surface single lens. 
[Claim 10] 

The optical system by which is an optical system which performs part multiplexing for 
the light injected from the optical fiber using said angular-dispersion component, 
condenser lens, and waveguide, and it is equipping [ at claims 1-9 / with the aspheric 
surface single lens optical system of a publication ]-condenser lens characterized. 
[Claim 11] 

The optical system by which is an optical system which performs distributed 
compensation for the light injected from the optical fiber using said angular-dispersion 
component, condenser lens, and reflective mirror, and it is equipping [ at claims 1-9 / 
with the aspheric surface single lens optical system of a publication ]-condenser lens 
characterized. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] 

This invention relates to the optical system equipped with the aspheric surface single 
lens optical system used for optical communication etc., and aspheric surface single 
lens optical system. It is related with the optical system equipped with the aspheric 
surface single lens optical system especially used for an optical 
multiplexer/demultiplexer or a distributed compensator, and its aspheric surface 
single lens optical system. 
[0002] 

[Description of the Prior Art] 

In recent years, in optical communication, improvement in the speed of transmission 
speed and large capacity-ization by wavelength multiplexing are measured with 
increase of a communications traffic. It is known that the phenomenon in which a 
lightwave signal deteriorates will also produce the effect of environments, such as a 
temperature change, with improvement in the speed of transmission speed. 
[0003] 

It is required to compensate distribution of an optical fiber, a distributed slope, 
polarization distribution, etc. with adjustable, in order to compensate degradation of 
the lightwave signal. Using an angular-dispersion component, an optical path is 
changed to the distributed compensator proposed until now with wavelength, and 
there is equipment with which it compensates by producing the optical-pathHength 
difference by each wavelength in it. (For example, patent reference 1 reference) 
[0004] 

Moreover, in using the wavelength of **** - number 100 wave for an optical fiber and 
transmitting a lightwave signal by wavelength multiplexing, there are some which 
perform spectral separation for branching, ADD/DROP, and each compensation and 
multiplexing as actuation under transmission. (For example, bibliography 2 reference) 
[0005] 

To set to such actuation of a lightwave signal and collimate or combine input light, it is 
necessary to condense input light other than the axial Uemitsu line from which the 
angle of emergence differs with wavelength in desired image quantity, respectively. 
However, in the conventional collimate lens for optical fibers, since the aberration of 
only the axial Uemitsu line is amended, a gap of a focal location occurs by the 
incidence of an axial outdoor daylight line. Moreover, since change of an angle of 



incidence is not supported enough, if an angle of incidence changes, decline in joint 
effectiveness with an optical fiber will occur, and there is a problem that a quantity of 
light loss becomes large. Therefore, the collimate lens only with the sufficient shaft 
top engine performance does not fit optical system including such an axial outdoor 
daylight bundle. 
[0006] 

Moreover, for optical communication and an optical recording application, the lens 
whose wave aberration is below 0.1 lambda or below 0.07lambda, and the so-called 
aplanatic lens are desirable. Then, as optical system which condenses input light, 
applying two or more combination lenses, gradient index lenses, etc. is also considered. 
However, with two or more combination lenses, there is a problem that the quantity of 
light loss and equipment in a plane of composition are enlarged. Moreover, in a 
gradient index lens, there is a problem of the rise of the cost by complication of a 
production process. Therefore, as optical system which condenses the input light for 
actuation of the above-mentioned lightwave signal, optical system using the single 
lens of homogeneous glass is desired. 
[0007] 

There is the following in the optical system using a single lens. 

**1 What consisted of forward meniscus lenses which turned the concave surface to 
a diaphragm and this drawing (patent reference 3 reference), 

**2 What constituted the 1 st page from the aspheric surface and constituted the 2nd 
page from the spherical surface for cost reduction (patent reference 4 reference), 
**3 What formed in the aspheric surface where the 1 st page does not use a convex by 
the meniscus lens of concave, and the 2nd page does not use the 1st page and the 
2nd page of an aspheric surface multiplier, reduced the manufacture error, and 
planned cost reduction (patent reference 5 reference), 

**4 It consisted of the 1st page which a single lens becomes from the aspheric 
surface from a body side at the forward single lens of an introduction diaphragm and a 
meniscus configuration, and the 2nd page which consists of the aspheric surface 
which turned the convex to the image side from the body side at order (patent 
reference 6 reference). 
[0008] 

[Patent reference 1] 

** table No. 51 1655 [ 2000 to ] official report 

[Patent reference 2] 

JP.9-430579.A 



[Patent reference 3] 

JP.7-5358.A (the 5th page, drawing 8 , drawing 1 1 , drawing 17) 
[Patent reference 4] 

JP,7-261074,A (the 5th page, drawing 1 ) 
[Patent reference 5] 

JP,8-313806,A (the 4th page, drawing 1 ) 
[Patent reference 6] 

JP,2002-98885,A (the 8th page, drawing 1 , drawing 3 , drawing 5 , drawing 7 ) 
[0009] 

[Problem(s) to be Solved by the Invention] 

However, aforementioned **1 In ********, if the marginal ray which has a field angle 
carries out incidence to the 1st page from a diaphragm, the beam-oMight quantity in 
a lens will become high. It becomes insufficient amending the aberration outside a 
shaft by this, and there is a problem that the wave aberration besides a shaft will 
remain. 
[0010] 

Moreover, aforementioned **2 In ********, since it is a biconvex lens in a collimate 
lens, the PETTSU bar sum is large, and when a field angle is large, curvature-of— field 
amendment becomes difficult. Therefore, there is a problem that the loss of breadth 
and the quantity of light occurs [ the flux of light at the time of association of a 
lightwave signal ] by the curvature of field. 
[0011] 

Similarly Aforementioned **3 In ********, since the aspheric surface configuration is 
made only into the cone constant, there is a problem that aberration amendment of a 
marginal ray, especially amendment of comatic aberration, astigmatism, etc. become 
difficult. 
[0012] 

Moreover, aforementioned **4 In ********, there is a problem that it is difficult to 
separate spectrally the injection light from an angular-dispersion component with a 
small field angle, for a configuration with the front-end diaphragm near optical system. 
[0013] 

It aims at offering the aspheric surface single lens optical system to which a curvature 
of field can suppress to the minimum the quantity of light loss small generated in 
optical system small [ the wave aberration which remains in view of the 
above-mentioned problem in all the light that carried out incidence ] as for this 
invention. Moreover, it aims at offering the optical system using the aspheric surface 



single lens optical system. 
[0014] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, aspheric surface single lens optical 
system by invention of **** 1 is characterized by for the entrance pupil formation 
section and the field by the side of incidence consisting of aspheric surface single 
lenses which are the aspheric surface of forward power, and filling (3) from the 
conditions (1) of the following [ single lens / said / aspheric surface ] sequentially 
from the incidence side. 

(1) 0.05<R1/f<1.0 

(2) 0.2<(D+SB)/f<1.0 

(3) 0.0KIH/K0.1 

However, the die length from the entrance pupil location where a focal distance and D 
are decided by thickness based on lenses, and SB is decided [ R1 ] by the entrance 
pupil formation section by the criteria radius of curvature of the 1st page and f from 
the incidence side of a lens to the 1st page of an aspheric surface single lens, and IH 
are the maximum image quantities of the input light which carries out incidence to an 
aspheric surface single lens. 
[0015] 

Moreover, the optical system using the aspheric surface single lens optical system by 
this invention is an optical system which performs part multiplexing for the light 
injected from the optical fiber using an angular-dispersion component, a condenser 
lens, and waveguide, and it is equipping [ with the above-mentioned aspheric surface 
single lens optical system ]-condenser lens characterized by it. 
[0016] 

Moreover, the optical system using the aspheric surface single lens optical system by 
this invention is an optical system which performs distributed compensation for the 
light injected from the optical fiber using an angular-dispersion component, a 
condenser lens, and a reflective mirror, and it is equipping [ with the above-mentioned 
aspheric surface single lens optical system ]-condenser lens characterized by it. 
[0017] 

[Embodiment of the Invention] 

An operation of this invention is explained in advance of explanation of an example. 
The aspheric surface single lens optical system of this invention consists of the 
entrance pupil formation section and an aspheric surface single lens whose field by 
the side of incidence is the aspheric surface of forward power sequentially from an 



incidence side, and said aspheric surface single lens fills the below-mentioned 
conditional expression. Small [ the wave aberration which remains in all the light that 
carried out incidence by this ], since the curvature of field is small, the quantity of 
light loss generated in optical system can be suppressed to the minimum. 
In addition, when the angular-dispersion component has been arranged in an optical 
path, it branches to the flux of light with whenever [ angle-ol^emergence / which 
changes with wavelength with an angular-dispersion component ]. Then, even if it is 
such a configuration, a focal plane can be made to condense the flux of light with an 
include angle which is different for every wavelength, respectively good by using the 
aspheric surface single lens optical system of this invention. 
[0018] 

Next, conditional expression is explained. Conditions (1) have specified the range of 
the proper power of the 1st page which is the field which has the forward power with a 
main lens. 

(1) 0.05<R1/f<1.0 

However, the criteria radius of curvature excluding [ R1 ] the incidence side of lens to 
page [ 1 st ] aspheric surface component and f are the focal distances of a single lens. 
[0019] 

If 1.0 of an upper limit is exceeded here, the power of the 1st page will become small 
and the meridional image surface will fall on an image side. Therefore, the astigmatic 
difference besides a shaft becomes large and the image formation engine performance 
is worsened. On the other hand, if it becomes small exceeding 0.05 of a minimum, the 
power of the 1st page will become large and spherical aberration and comatic 
aberration will become large at minus. If a lower limit is 0.1 or 0.15, it is more desirable, 
and if a upper limit is 0.8 or 0.78, it is more desirable. For example, it is more desirable 
following to be the conditional expression (1-1) or (1-2) that it is satisfied. 
(1-1)0.1 <R1/f <0.8 

Moreover, if a upper limit is 0.4, it is more desirable, for example, it is more desirable to 
satisfy the following conditional expression (1-2). 
(1-2) 0.4 <R1/f <0.8 
[0020] 

Conditions (2) are conditions which secure the image quantity in an image formation 
side, and make the range of a curvature of field proper. 

(2) 0.2<(D+SB)/f<1.0 

However, D is the thickness based on lenses and SB is the die length from an 
entrance pupil location to the 1st page of an aspheric surface single lens. When the 



entrance pupil is carrying out eccentricity especially of SB, it is taken as the die 

length on the optical axis of an aspheric surface single lens. 

[0021] 

When exceeding an upper limit 1 .0 here, the distance from a pupil to a lens becomes 
large, and the image surface inclines to an image side greatly. Moreover, enlargement 
of equipment is caused. If it becomes small exceeding a minimum 0.2, the meridional 
image surface will incline to a body side greatly. Moreover, the inclination of the chief 
ray which carries out incidence to a focal plane becomes large. Therefore, if tele cent 
rucksack nature is not satisfied with important optical system of the 
above-mentioned conditional expression (2), the loss of the quantity of light will occur 
and it will become inconvenient. 
[0022] 

If a lower limit is 0.3, it is more desirable, and if a upper limit is 0.9, it is more desirable. 
For example, it is more desirable to satisfy the following conditional expression (2-1). 
(2-1)0.3<(D+SB)/f<0.9 

Moreover, if a upper limit is 0.45, it is further more desirable, for example, it is more 
desirable to satisfy the following conditional expression (2-2). 
(2-2) 0.3<(D+SB)/f<0.45 
[0023] 

Conditions (3) specify the range where the height which the light which carried out 

incidence to the lens condenses to a focal plane is proper. 

(3)0.01<IH/f<0.1 

However, IH is the maximum image quantity of the input light which carries out 

incidence to an aspheric surface single lens. 

[0024] 

If 0.1 of an upper limit is exceeded here, the angle of incidence which carries out 
incidence to a lens will become large too much, and will be set to the level which 
cannot finish carrying out aberration amendment with a single lens. If it becomes small 
exceeding 0.01 of a minimum, since a field angle will become small too much, in order 
to perform sufficient wavelength branching, it will be necessary to lengthen the optical 
path length, and enlargement of equipment will be caused. 
[0025] 

If a lower limit is 0.03 or 0.04, it is more desirable, and if a upper limit is 0.08 or 0.079, 
it is more desirable. For example, it is more desirable to satisfy the following 
conditional expression (3-1). 
(3-1)0.03<IH/f<0.08 



Moreover, if a upper limit is 0.06, it is more desirable, for example, it is more desirable 
to satisfy the following conditional expression (3-2). 
(3-2) 0.03<IH/f<0.06 
[0026] 

As for the aspheric surface single lens optical system of this invention, it is desirable 
to have an angular-dispersion component. By this angular-dispersion component, 
whenever [ that angle-oFemergence ] is changed for every wavelength of incident 
light, and branching for every wavelength can be performed. 
[0027] 

As for the aspheric surface single lens optical system of this invention, it is desirable 
that it is the forward convex-piano lens whose 2nd page is a flat surface. The 
constraint on processing of the 1st page is eased by making the 2nd page into a flat 
surface, and low cost-ization can plan. Moreover, the same effectiveness can be 
acquired also by enlarging the radius of curvature of the 2nd page and considering as 
the configuration near a convex-piano lens. 
[0028] 

Moreover, the aspheric surface single lens optical system of this invention may be a 
forward meniscus lens whose 2nd page of an aspheric surface single lens is a concave 
surface. By making the 2nd page into a concave surface to an image surface side, 
since aberration amendment can be performed in respect of two, the 1st page and the 
2nd page, in the aberration amendment outside a shaft, it becomes advantageous 
especially. For example, there is the PETTSU bar sum to show the aberration outside 
a shaft. The PETTSU bar sum is called for in the addition of a value which broke the 
power of each optical surface by the refractive index. Therefore, by making the 2nd 
page into a concave surface, it becomes possible to make the PETTSU bar sum small, 
and a curvature of field is reduced. 
[0029] 

The following conditions (4) specify the proper range for power allocation of each side 

of a meniscus lens. It becomes the conditions for amending spherical aberration, 

comatic aberration, and the condition of a curvature of field with sufficient balance 

especially. 

(4) 1 < R2/R1 < 10 

However, R1 and R2 are the radius of curvatures of the 1st page and the 2nd page 

from the plane-of-incidence side of an aspheric surface single lens. 

[0030] 

If it becomes large here exceeding 10 of an upper limit, the forward power of the 1st 



page to the 2nd page will become large, and amendment of spherical aberration and 
comatic aberration will become difficult. If it becomes small exceeding 1 of a minimum, 
the effectiveness of a meniscus convex lens will not be acquired but amendment of a 
curvature of field will become difficult. 
[0031] 

If a upper limit is 9, it is more desirable. For example, it is more desirable to satisfy the 
following conditional expression (4-1). 
(4-1) 1 < R2/R1 < 9 

Moreover, if a lower limit is 7, it is more desirable, for example, it is more desirable to 
satisfy the following conditional expression (4-2). 
(4-2) 7 < R2/R1 < 10 

Moreover, when it considers as a meniscus configuration, if a upper limit is 2.5, it is 
more desirable, for example, it is more desirable to satisfy the following conditional 
expression (4-3). 
(4-3) 1 < R2/R1 < 2.5 
[0032] 

The 1st page of the aspheric surface single lens of this invention is the convex 
aspheric surface, and a configuration is expressed with the formula of the following 
aspheric surface configuration. 

Z= (y2 /R) / [1+ U - U+k) y 2 /R 2 } 1 / 2 ] 

+ay 4 +by6 + cy 8 +dylO+ 



However, Z is used as the optical axis (shaft top chief ray) which made the travelling 
direction of light forward, and R is paraxial radius of curvature and k for a direction 
perpendicular to an optical axis about y. A cone constant, a, b, c and d, and — are the 
4th aspheric surface multipliers [ 6th / 8th / 10th ], respectively. 
[0033] 

Conditional expression (5) specifies the range where the value of the cone constant k 
of the formula showing the configuration of the above-mentioned aspheric surface is 
proper, and has determined the configuration used as the base of the 1 st page. 
(5)-40<k<15 
[0034] 

here — 15 of an upper limit — ** to exceed — if it becomes large, inclination to a 
surrounding field may become steep and processing may become difficult Moreover, if 



it becomes small exceeding -40 of a minimum, in the 1st page which has the main 
forward power, sufficient power of the optical-axis circumference will no longer be 
obtained. 
[0035] 

If a lower limit is -30 or -20, it is more desirable, and if a upper limit is 10 or 1, it is 
more desirable. For example, it is more desirable following to be the conditional 
expression (5-1) or (5-2) that it is satisfied. 
(5-1) -30 < k < 10 
(5-2) -20 < k < 1 

Moreover, if a upper limit is -0.7, it is more desirable, for example, it is more desirable 
to satisfy the following conditional expression (5-3). 
(5-3) -20 < k < -0.7 

Moreover, if a lower limit is -0.1 when it considers as a meniscus configuration, it is 
more desirable, for example, it is more desirable to satisfy the following conditional 
expression (5-4). 
(5-4) -0.1 <k< 1 
[0036] 

Moreover, conditions (6) have specified the range where the 4th aspheric surface 
multiplier a is proper. 

(6) 1.0x10-8 < — a < -- 9.0x10-4 
[0037] 

** exceeding 9.0x1 0-4 of an upper limit — if it becomes large, the surrounding amount 
of sags may increase and processing may become difficult 1.0x10-8 of a minimum If it 
exceeds and becomes small, the aspheric surface size effect in a field configuration 
will become slight, and sufficient aspheric surface effectiveness will not be acquired. 
[0038] 

a lower limit — 1.0x10-7 or 3.0x10-6 it is — if — it is more desirable, and if a upper 

limit is 5.0x10-4 or 6.0x10-5, it is more desirable. For example, it is more desirable 

following to be the conditional expression (6-1) or (6-2) that it is satisfied. 

(6-1) 1.0x10-7 < — a < — 5.0x10-4 

(6-2) 3.0x10-6 < — a < — 6.0x10-5 

[0039] 

The following conditional expression (7) is conditional expression which specifies the 
range where the numerical aperture of a lens is proper. 

(7) 0.05 < NA' < 0.25 

However, NA is the numerical aperture by the side of the image of an aspheric surface 



single lens. 
[0040] 

When using angular-dispersion components, such as a diffraction grating, a 
Fabry-Perot interferometer, and a VIPA plate, the injection flux of light from an 
angular-dispersion component is generated by the multiplex interference by the 
component. If the die length of the component of the direction which carries out 
multiplex interference, i.e., the direction which carries out angular dispersion, is 
insufficient at this time, the quantity of light of sufficient injection light cannot be 
obtained. The larger one of the magnitude of the input flux of light led to an aspheric 
surface single lens is desirable. Therefore, numerical-aperture NA' by the side of the 
image of a lens needed to have a certain value, and has specified the optimal range. 
[0041] 

If it becomes large exceeding 0.25 of an upper limit, high order comatic aberration will 
occur and the image formation engine performance of a marginal ray will be worsened. 
If it becomes small exceeding 0.05 of a minimum, a back focus will become long too 
much and the whole equipment will be enlarged. 
[0042] 

If a lower limit is 0.08, it is more desirable, and if a upper limit is 0.2, it is more desirable. 
For example, it is more desirable to satisfy the following conditional expression (7-1). 
(7-1) 0.08 < NA' < 0.2 
[0043] 

The following conditional expression (8) has specified the range where the Abbe 
number of the ** material of an aspheric surface single lens is the optimal. 
(8) 20 < — nud < — 95 

However, nud is the Abbe number of the ** material of an aspheric surface single lens. 
[0044] 

In order to transmit mass data, multiplexing is performed in the channel through the 
light of wavelength which is different in one optical fiber. Since so many numbers of 
wavelength will be obtained if the wavelength band to be used is extended, it is 
advantageous. It is possible to use the light of the band of the wavelength from about 
1 200nm to about 1 700nm for a communication link there. In that case, the lower one 
of the distribution which the ** material used for the aspheric surface single lens of 
this invention has is desirable. Although the variance of the ** material used for an 
optical element is usually expressed by Abbe number nud and nue here and the 
distribution in the wavelength of a visible region is expressed, the usual optical 
material also specifies the distributed property of the ** material in this invention by 



nud in order to express distribution by these. 
[0045] 

** exceeding 95 of an upper limit — if it becomes large, the element to contain 
becomes a special configuration and the stable quality cannot be secured. If it 
becomes small exceeding 20 of a minimum, distribution will become large and the good 
image formation engine performance in a large wavelength band will not be obtained. 
[0046] 

If a lower limit is 30 or 40, it is more desirable, and if a upper limit is 90 or 85, it is more 

desirable. For example, it is desirable if it seems to be a degree type. 

(8-1) 30 < — nud < — 90 

(8-2) 40 < — nud < — 85 

[0047] 

The following conditional expression (9) is conditional expression which specifies the 
range where the focal distance of the optical system of this invention is proper. 
(9) 10(mm)<f < 100(mm) 

However, f is the focal distance of an aspheric surface single lens. 
[0048] 

As for the light which carried out incidence to the angular-dispersion component, the 
angle of emergence changes with wavelength of incident light. Since the angle of 
emergence is very small, the light of the comrades of ****** wavelength does not lap 
with a focus, but it is necessary to secure spacing which fully branches in a part 
multiplexing machine or a distributed compensator. Therefore, a certain amount of die 
length is required for the distance to the location to which the focus of a condenser 
lens is connected from an angular-dispersion component. 

For example, the angle of diffractions at the time of carrying out incidence of 
wavelength (1.51 micrometers and 1.6 micrometers) of the light to the diffraction 
grating of a lattice constant 33 are 2.579deg(s) and 2.751 deg(s), respectively, and the 
difference is 0.172deg(s). When a lens with a focal distance of f= 50mm is used, the 
difference of the location (image quantity) by the wavelength in a focal location is 
0.15mm. Therefore, even if it uses a single mode fiber train (array) as a waveguide 
train, 0.15mm, it is larger discrete quantity than the appearance of a fiber, and it 
becomes possible to branch input light. 
[0049] 

** exceeding 100 of an upper limit — the whole equipment will be enlarged if it 
becomes large. If it becomes small exceeding 10 of a minimum, especially when using 
what has the small angular-dispersion effectiveness, change of the angle of 



emergence by the difference of wavelength becomes small, and wavelength branching 

cannot fully be performed. 

[0050] 

[Example] 

Hereafter, it explains using the drawing of the example of this invention. 

Drawing 1 to drawing 6 is drawing showing one gestalt of this invention aspheric 

surface single lens optical system. 

[0051] 

The 1st example 

Drawing 1 is the sectional view of the 1st example of this invention aspheric surface 
single lens optical system, and drawing 7 is drawing showing the spherical aberration in 
the 1st example, astigmatism, and distortion aberration. The aspheric surface where, 
as for the aspheric surface single lens 2, the 1st page by the side of incidence turned 
the convex to the incidence side, and the 2nd page by the side of injection consist of 
flat surfaces. 

The abbreviation parallel flux of light which had an include-angle component for every 
wavelength in the entrance pupil location 1 carries out incidence to the aspheric 
surface single lens 2, and a focus is connected to a focal plane 3. 
Since it acts similarly in the following single lens optical system, it omits. Moreover, a 
sign decides to attach the same number below about the configuration which has the 
same function. 

Next, the numeric data of the optical system which constitutes the aspheric surface 

single lens concerning the 1st example is shown. 

[0052] 

[0053] 

The 2nd example 

Drawing 2 is the sectional view of the 2nd example of this invention aspheric surface 
single lens optical system, and drawing 8 is drawing showing the spherical aberration in 
the 1st example, astigmatism, and distortion aberration. The aspheric surface where 
the 1st page by the side of incidence turned the convex to the incidence side like the 
example 1 as for the aspheric surface single lens 2, and the 2nd page by the side of 
injection consist of flat surfaces. 

Next, the numeric data of the optical system which constitutes the aspheric surface 

single lens concerning the 2nd example is shown. 

[0054] 

[0055] 



The 3rd example 

Drawing 3 is the sectional view of the 3rd example of this invention aspheric surface 
single lens optical system, and drawing 9 is drawing showing the spherical aberration in 
the 1st example, astigmatism, and distortion aberration. The aspheric surface single 
lens 2 consists of the aspheric surface where the 1st page by the side of incidence 
turned the convex to the incidence side, and a meniscus configuration in which the 
2nd page has radius of curvature with a loose injection side. 

Next, the numeric data of the optical system which constitutes the aspheric surface 

single lens concerning the 3rd example is shown. 

[0056] 

[0057] 

The 4th example 

Drawing 4 is the sectional view of the 4th example of this invention aspheric surface 
single lens optical system, and drawing 10 is drawing showing the spherical aberration 
in the 1st example, astigmatism, and distortion aberration. The aspheric surface single 
lens 2 consists of the aspheric surface where the 1st page by the side of incidence 
turned the convex to the incidence side, and a meniscus configuration in which the 
2nd page has radius of curvature with a loose injection side like the example 3. 
Next, the numeric data of the optical system which constitutes the aspheric surface 
single lens concerning the 4th example is shown. 
[0058] 
[0059] 

The 5th example 

Drawing 5 is the sectional view of the 5th example of this invention aspheric surface 

single lens optical system, and drawing 1 1 is drawing showing the spherical aberration 

in the 1st example, astigmatism, and distortion aberration. The aspheric surface single 

lens 2 consists of the aspheric surface where the 1 st page by the side of incidence 

turned the convex to the incidence side, and a meniscus configuration to which the 

2nd page by the side of injection has a concave surface in an image side. 

Next, the numeric data of the optical system which constitutes the aspheric surface 

single lens concerning the 5th example is shown. 

[0060] 

[0061] 

The 6th example 

Drawing 6 is the sectional view of the 6th example of this invention aspheric surface 
single lens optical system, and drawing 12 is drawing showing the spherical aberration 



in the 1st example, astigmatism, and distortion aberration. The aspheric surface single 
lens 2 consists of the aspheric surface where the 1st page by the side of incidence 
turned the convex to the incidence side like the example 3, and a meniscus 
configuration to which the 2nd page by the side of injection has a concave surface in 
an image side. 

Next, the numeric data of the optical system which constitutes the aspheric surface 

single lens concerning the 6th example is shown. 

[0062] 

[0063] 

The value of (9) and the value of wave aberration are shown in Table 1 from the 
conditional expression (1) of this invention. 
[Table 1] 
[0064] 

Drawing 13 and drawing 14 are the outline block diagrams showing 1 operation gestalt 
of the optical system equipped with the aspheric surface single lens of this invention. 
This outline block diagram is common to each example. 
[0065] 

Drawing 13 is the outline block diagram of the optical part multiplexing machine which 
is the optical system of this invention. Drawing 13 shows the situation of the cross 
section within a field including the distributed direction of an angular-dispersion 
component. 5 is an input optical fiber which leads input light to an optical part 
multiplexing machine. 6 is a collimator lens and makes emission light from the input 
optical fiber 5 abbreviation parallel light. 7 is the diffraction grating used as an 
angular-dispersion component, and has the operation which changes whenever 
[ angle-of-emergence ] with the wavelength of the inputted light. 8 and 9 are the 
plane of incidence of a diffraction grating, and a injection side, respectively, and this 
injection side 9 is divided into the field where the diffraction grating was processed, 
and the field which is not processed. The inside of the processed field serves as an 
entrance pupil of the aspheric surface single lens optical system of this invention as 
the entrance pupil formation section as it is. 10 is a condenser lens which is the 
aspheric surface single lens 2 of this invention, here — an incidence side — 1 1 has 
turned the 1st page of a convex to the incidence side in the aspheric surface, 
moreover, it is a injection side — 12 [ page / 2nd ] consists of a flat surface or a 
concave surface. 13 is an output optical fiber which receives the lightwave signal 
corresponding to wavelength, respectively. Thus, the optical part multiplexing machine 
4 is constituted from the input optical fiber 5, a collimator lens 6, an 



angular-dispersion component 7, and an output optical fiber 1 3 by the order to which 
light progresses. 

In addition, a condenser lens 10 is the same as the aspheric surface single lens 2. 
Therefore, a condenser lens 10 expresses by explanation of an optical system 
henceforth. 
[0066] 

Next, an operation of an optical part multiplexing machine is explained. Light is 
injected from the input optical fiber 5 which is the input section of an optical 
multiplexer/demultiplexer 4, and progresses with breadth by the angle of divergence 
decided by NA of the input optical fiber 5. By the collimator lens 6, this light turns into 
abbreviation parallel light, and carries out incidence with the include angle in the 
diffraction grating which is an angular-dispersion component. As for the injection light 
from the diffraction grating 7 of an angular-dispersion component, the angle of 
emergence changes with wavelength. The parallel light which has a field angle for 
every wavelength is injected from the diffraction grating 7 of an angular-dispersion 
component, and condenses in the location where a focal plane changes for every 
wavelength with condenser lenses 10 which have high aberration amendment capacity 
to all this injection light. It separates spectrally by putting the output optical fiber 13 
on the location corresponding to a focal plane for every wavelength. 
[0067] 

Here, a condenser lens 10 (aspheric surface single lens 2 of this invention) is a lens 
with high aberration amendment capacity. Therefore, the beam of light of all the field 
angles that condensed with this condenser lens 10 has few amounts of curvatures of 
field, and can form the small focus of wave aberration. This combines with the output 
optical fiber 13 arranged in the focal location at high joint effectiveness. Consequently, 
in the optical multiplexer/demultiplexer 4 of the gestalt of this operation, a quantity of 
light loss can transmit a lightwave signal few. 

Moreover, it is also possible to multiplex by sending light to hard flow by taking out the 

light to input from the output optical fiber 13 conversely. 

[0068] 

In addition, a collimator lens 6 is not necessarily required of the optical part 
multiplexing machine 4. Moreover, a diffraction grating may be processed into the 
plane of incidence 8 of a diffraction grating 7. Moreover, the unnecessary high order 
diffracted light is removable by preparing the diaphragm by protection-fronrHight 
coating spreading, a RINSEI copper plate, etc. in the injection side 9. These drawing 
serves as the entrance pupil formation section. 



[0069] 

It can use, if the angle of emergence of the light injected as an angular-dispersion 
component with the wavelength of the light by which incidence is carried out differs. 
However, if the variance of an angular-dispersion component is small, the distance to 
the output fiber 13 will become long, and will cause enlargement of equipment. Or the 
separation for every wavelength becomes difficult. Therefore, what has the to some 
extent large variance of an angular-dispersion component is desirable. The 
Fabry-Perot etalon, Fabry-Perot interferometer, a VIPA plate, prism, etc. are one of 
those can be used instead of a diffraction grating 7. 
[0070] 

Moreover, existence of the processing field of a diffraction grating can be made into 
the entrance pupil formation section as a diaphragm as it is as mentioned above as 
the entrance pupil formation section of optical system. A pupil may be formed by 
attachment of drawing, such as a RINSEI copper plate which extracts in 
protection-from-light coatings etc. on the lattice plane, and shades in a configuration, 
drawing production with a mechanism frame, etc. It is not necessary to be necessarily 
on the field of an angular-dispersion component. For example, you may detach and 
arrange from an angular-dispersion component so that the diffracted light of a need 
degree may be passed in an optical path. Moreover, the processing field of a 
diffraction grating can be made larger than the magnitude of incoming beams, and a 
diaphragm cannot be established, either. In this case, the flux of light configuration on 
the diffraction-grating side from an incident light fiber or a collimator lens serves as 
an entrance pupil as it is. At this time, a diffraction-grating side serves as the 
entrance pupil formation section. Even if it uses the above-mentioned thing instead as 
an angular-dispersion component, the configuration as the entrance pupil formation 
section can be chosen similarly. 
[0071] 

Moreover, although considered as the output optical fiber 13 as waveguide all over 
drawing, it can also transpose to the waveguide instead manufactured with the 
semi-conductor etc. 
[0072] 

Drawing 14 is the outline block diagram of the distributed compensator which is the 
optical system of this invention. Drawing 14 shows the situation of the cross section 
within a field including the distributed direction of an angular-dispersion component. 5 
is an input optical fiber which leads input light to a distributed compensator. 6 is a 
collimator lens and makes parallel light emission light from the input optical fiber 5. 15 



is a cylindrical lens. 16 is Fabry-Perot interferometer used as an angular-dispersion 
component, and has the operation which changes whenever [ angte-of-emergence ] 
with the wavelength of the inputted light. 17 and 18 are the plane of incidence of 
Fabry-Perot interferometer, and a injection side, respectively. The inside of the 
effective injection field processed on this injection side 18 serves as an entrance pupil 
of the aspheric surface single lens optical system of this invention as it is. 10 is a 
condenser lens which consists of an aspheric surface single lens 2. an incidence side 
— 11 has turned the 1st page of a convex to the incidence side in the aspheric 
surface configuration, moreover, it is a injection side — 12 [ page / 2nd ] consists of a 
flat surface or a concave surface. 19 is a reflective mirror and consists of curved 
surfaces of a three dimension, for example, the free sculptured surface of rotation 
asymmetry etc. Thus, the distributed compensator 14 is constituted by the order to 
which the light of light progresses by the input optical fiber 5, a collimator lens 6, the 
cylindrical lens 15, the angular-dispersion component 16, the condenser lens 10, and 
the reflective mirror 1 9. 
[0073] 

Next, an operation of the distributed compensator 14 is explained: The light 
transmitted in the optical fiber is injected from the edge of the input optical fiber 5 
which is the input section of a distributed compensator. The light injected from the 
edge of the input optical fiber 5 which is input light progresses with breadth by the 
angle of divergence decided by NA of a fiber. By the collimator lens 6, this light turns 
into abbreviation parallel light and carries out incidence to a cylindrical lens 15. This 
cylindrical lens 15 has power only in the distributed direction of the angular-dispersion 
component 1 6. Therefore, the light which injected the cylindrical lens turns into light 
of the shape of an abbreviation straight line which condensed only to 1 shaft 
orientations, and carries out incidence to Fabry-Perot interferometer 16. At this time, 
incidence of the abbreviation straight-line-like light is carried out with an include 
angle to the incidence section of Fabry-Perot interferometer 16. In addition, 
Fabry-Perot interferometer 16 is used for the angular-dispersion component with the 
gestalt of this operation. 
[0074] 

The medium of Fabry-Perot interferometer 16 is optical glass. And it is incidence side 
reflector 17b in which the permeability of incidence partial 17a of the plane of 
incidence 17 in drawing 14 has near to 100%, and the other field has the reflection 
factor of 100% of abbreviation. On the other hand, the injection side 18 has the rate of 
internal reflection smaller than the reflection factor of incidence side reflector 1 7b. 



Since it is such structure, the light which carried out incidence produces a multiple 
echo inside. Consequently, a difference arises at the include angle injected about each 
light in which it interfered for every wavelength. Moreover, the beam of light injected 
from Fabry-Perot interferometer 16 serves as the abbreviation parallel flux of light, 
and can be dealt with as a usual parallel light. 
[0075] 

Thus, the angular-dispersion component has the composition that distribution can be 
given in the one direction, and the light to inject turns into light from which the angle 
of emergence is different only in 1 shaft orientations with wavelength. The 
Fabry-Perot etalon and a VIPA plate can also be used instead of Fabry-Perot 
interferometer 16. Incidence of the light of the shape of an abbreviation straight line 
which condensed only to 1 shaft orientations by the cylindrical lens can be carried out. 
The light from which the angle of emergence differs with wavelength by this only in the 
direction which condensed by the cylindrical lens, and this direction can be made to 
inject. The direction (the vertical direction in alignment with space) which makes the 
light from which the angle of emergence differs with wavelength here inject is made 
into the distributed direction. 
[0076] 

The injection light from an angular-dispersion component condenses to a focal plane 
with the focus which changes for every wavelength with condenser lenses 1 0. This 
condenser lens 10 has the aberration amendment capacity that it can respond to 
change of the angle of emergence by wavelength. By the difference in the angle of 
emergence by wavelength, this condenser lens 10 produces change of the reflective 
location for every wavelength in the distributed direction of the angular-dispersion 
component on the 19th page of the reflective mirror arranged in the abbreviation focal 
plane. 
[0077] 

The reflective mirror 19 is formed in the curved surface of a three dimension so that 
the optical-path-length difference corresponding to a variance may be produced. 
Thus, the distributed compensator of the gestalt of this operation can compensate 
the group-delay difference (distribution) by wavelength with giving this 
optical-path-length difference. In addition, the inputted lightwave signal needs to 
double with the group-delay difference which it has for every wavelength, and needs 
to make the optical path difference adjustable. That is, it is necessary to make 
distance to the 19th page of a reflective mirror into the distance from which the 
proper optical path difference is acquired for every wavelength. For that purpose, it is 



♦ » 



considering as the configuration from which the suitable optical path difference is 
acquired by moving the reflective mirror 19. 

The reflective spot of the reflective mirror 19 which exists in the distributed direction 
(the vertical direction on space) is made to change with migration of the reflective 
mirror 19 in drawing 14 . For example, if the cross-section configuration where the 
space of the reflective mirror 19 was met sees from a condenser lens 10 side and it 
will make it the free sculptured surface which carries out concave configuration 
change from a convex configuration when moving the reflective mirror 19 in the 
direction perpendicular to space, distribution of a lightwave signal can be 
compensated with moving a reflective mirror to the proper location of a direction 
perpendicular to space also to distributions, such as normal dispersion or negative 
distribution. 
[0078] 

It reflects in the location of a reflector which is different for every wavelength, with 
the optical path difference having, and the light of each wavelength goes to hard flow, 
and carries out incidence of the above-mentioned optical path to an incident light 
fiber again. Moreover, the lightwave signal with which distribution was compensated 
can be acquired by arranging a circulator etc. the middle (un-illustrating) and 
branching a lightwave signal. 
[0079] 

By [ containing an angular-dispersion component, a condenser lens, and a reflective 
mirror ] constituting, a distributed compensator with few insertion losses is realizable 
as mentioned above irrespective of the variance to compensate. Moreover, the 
distributed compensator with which degradation of the lightwave signal by the 
distribution which optics, such as an optical fiber, have is compensated is realizable. 
[0080] 

In the optical system of such this invention, the beam of light injected from an 
angular-dispersion component turns into a beam of light which has, the beam of light, 
i.e., the field angle, from which the angle of emergence differs. When reflected in a 
reflective mirror side, as for all the beams of light with this field angle, it is desirable 
for wave aberration to be small. Since the aspheric surface single lens of this 
invention which is a condenser lens is designed so that the amount W of wave 
aberration may fill W<=0.1 lambda in all beams of light in the focal location, a quantity 
of light loss can consider as few optical systems. 
[0081] 

In addition, a collimator lens 6 is not necessarily required of the distributed 



compensator 14. If the angle of emergence of the light injected as an 
angular-dispersion component with the wavelength of the light by which incidence is 
carried out differs, it can use, however if the variance of an angular-dispersion 
component is small, the distance to the output fiber 13 will become long, and will 
cause enlargement of equipment. Or wavelength separation becomes difficult and it 
becomes difficult to carry out distributed compensation. Therefore, what has the to 
some extent large variance of an angular-dispersion component is desirable. Instead 
of Fabry-Perot interferometer 1 6, it can also transpose to a diffraction grating, the 
Fabry-Perot etalon, a VIPA plate, prism, etc. as an angular-dispersion component. 
[0082] 

As the entrance pupil formation section of optical system, the service area of the 
interferometer 16 injection side 18 can be made into the entrance pupil formation 
section as it is as mentioned above. You may carry out by attachment of drawing, 
such as a RINSEI copper plate which extracts in protection-frorrHight coatings etc. 
on the injection side 18, and shades in a configuration, drawing production with a 
mechanism frame, etc. The entrance pupil formation section does not necessarily 
need to be on the field of an angular-dispersion component. For example, you may 
detach and arrange from an angular-dispersion component so that the diffracted light 
of a need degree may be passed in an optical path. Moreover, the processing field of 
an interferometer can be made larger than the magnitude of incoming beams, and a 
diaphragm cannot be established, either. In this case, the flux of light configuration on 
the interferometer injection side from an incident light fiber or a collimator lens serves 
as an entrance pupil as it is. At this time, an interferometer injection side serves as 
the entrance pupil formation section. Even if it uses the above-mentioned thing 
instead as an angular-dispersion component, the configuration as the entrance pupil 
formation section can be chosen similarly. 
[Effect of the Invention] 

The loss which a curvature of field generates in optical system small can be 
suppressed to the minimum small [ the optical system equipped with the aspheric 
surface single lens optical system and its aspheric surface single lens optical system 
of this invention as explained above / the wave aberration which remains in all the 
light that carried out incidence ]. 
[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the 1st example of the aspheric surface single 
lens optical system of this invention. 

[Drawing 2] It is the sectional view of the 2nd example of the aspheric surface single 



lens optical system of this invention. 

[Drawing 3] It is the sectional view of the 3rd example of the aspheric surface single 
lens optical system of this invention. 

[Drawing 4] It is the sectional view of the 4th example of the aspheric surface single 
lens optical system of this invention. 

[Drawing 5] It is the sectional view of the 5th example of the aspheric surface single 
lens optical system of this invention. 

[Drawing 6] It is the sectional view of the 6th example of the aspheric surface single 
lens optical system of this invention. 

[Drawing 7] It is drawing showing the spherical aberration of the aspheric surface 
single lens optical system of the example 1 of this invention, astigmatism, and 
distortion aberration. 

[Drawing 8] It is drawing showing the spherical aberration of the aspheric surface 
single lens optical system of the example 2 of this invention, astigmatism, and 
distortion aberration. 

[Drawing 9] It is drawing showing the spherical aberration of the aspheric surface 
single lens optical system of the example 3 of this invention, astigmatism, and 
distortion aberration. 

[Drawing 10] It is drawing showing the spherical aberration of the aspheric surface 
single lens optical system of the example 4 of this invention, astigmatism, and 
distortion aberration. 

[Drawing 11] It is drawing showing the spherical aberration of the aspheric surface 
single lens optical system of the example 5 of this invention, astigmatism, and 
distortion aberration. 

[Drawing 12] It is drawing showing the spherical aberration of the aspheric surface 
single lens optical system of the example 6 of this invention, astigmatism, and 
distortion aberration. 

[Drawing 13] It is the outline block diagram of the optical part multiplexing machine 
which is the optical system of this invention. 

[Drawing 14] It is the outline block diagram of the distributed compensator which is 
the optical system of this invention. 
[Description of Notations] 

1 Entrance Pupil Location 

2 Aspheric Surface Single Lens 

3 Focal Plane 

4 Optical Part Multiplexing Machine 



5 Input Optical Fiber 

6 Collimator Lens 

7 Diffraction Grating (Angular-Dispersion Component) 

8 Diffraction-Grating Plane of Incidence 

9 Diffraction-Grating ****** 

10 Condenser Lens (Aspheric Surface Single Lens) 

1 1 Condenser Lens Plane of Incidence 

12 Condenser Lens Injection Side 

13 Output Optical Fiber 

14 Distributed Compensator 

15 Cylindrical Lens 

1 6 Fabry-Perot Interferometer 

1 7 Interferometer Plane of Incidence 

1 7a Interferometer plane of incidence (incidence part) 

17b Interferometer plane of incidence (100% reflective part) 

18 Interferometer Injection Side 

19 Reflective Mirror 
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3#&) . 

jL2ra^hi&ucr>tztbmim^mm. ^wzwrnx-mfiLL-tz^n m¥?$M4mm. 
) . 

A3Tf51H#i!3, S2ffi* { Dfl^- Z.#XUyXX'f81W. Wh2mbhl¥WMiMk$:$i. 

mt^^mmzmfSLL. wmws.^mhL^xvm^m^tzh<D (mt^Ms^m 

^ATifawmfrhmz. mm.*®*). ^-x^xm^com^uyxx. muyx^mw 
mx *)immfrt>tc&w.im. ^^{hm^^tzimmt^^h^mxm^titz^ 

[00 08] 
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000-51165 5-t^fg 
#H¥9-4 3 0 5 7 

ftW¥7-5 3 58-*&« (»5JC. H8, 01 1, Hi 7) 
[«KF*Ht4 ] 

«WF7-2 6 1 074*&« (»5JC, Hi ) 
WBPP8-3 1 3 806#£#8 HI ) 

#IH2 0 0 2-9 888 5^18 (JH8JC, HI, H3. H5. H7) 
[00 09] 

JKH#£g# LT L 4 3 i: ^ 3 ISKHj&** & . 
[00 10] 

4fc. mflBA2Tc7)3fe^T{i. 3U^-hlxyXT1ifO]^XT'& *w*yA- 
[00 11] 
[00 12] 
[00 13] 

x^A SrHfiWS d t * g w fc -f h . 
[00 14] 

[ HI® t&xosffl. ] 

±iEBW«:iij£-$-*fc*>. ^lO^BJCt^^^Mmi^yX^^fi. AS*{|!lri>£>)i|Ik: 

mfB^^H#WyX(imTO^# ( l ) ( 3 ) tiftt-fii: tWRfc LTv^ft. 
( 1 ) 0.0 5<Rl/f<l. 0 

(2) 0. 2< (D + SB) /f <1. 0 

(3) 0.0 KIH/f<0. 1 

fcrtfU Rlii^yXtfOAI«*^miffi^)S^ftWS, fliiuSSBSfL DtiP^X* 
[00 15] 

[00 16] 

^Ltz^trn^m^tm^yxtRm^y-^m^x^wmm^oyt^x^x' 
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[00 17] 

mmnumzftiLh. *%*%r>im\,z^xwm-tz>. 
*mw&mmyvx%&mi.. Aitraa^Jifc. mmm^t. TJtmmrnnfiE'* 
v-mmmx-h h imm%- ^ yxtx-m^ti. m&mw& ^ y xmm^^ z 

ffitz'ti>cr>X'h$>. Ztllz£K)^lfzftn£Xt,z&^xm£i-&fcmWm { yl^<. *» 
oflHHJMitf'hS ^t-mz%^m:^th^Aux^Umx. h z. t &X'Z h . 

' a <t ^fi«M«ttJMK(z»fi:« Aft « io^£ f«?te^iBfc:*3fc$ * 

• [00 18] 

mz, jftft*teov^TBW*-*. ( 1 ) {41/yXc7)±^iEO^^-Sr^-f-|,ffl-C'*>l» 
( 1 ) 0.0 5<Rl/f<l. 0 

tztzL. Ri&u>x(o?jttMfrbmim<vimmf&tt£m^fcmm&m*m. m#u 

[00 19] 

£ d T±RRtf> i . o Srgx. & fc . 1 flBtfV*7-#'h3 < 0 . > y s^t-^fcWtftRM 

TI&O0. 0 5 «rj@;iT/Jv& miffl^V-*^#<^0. SRffilRil. 3 

^JRllA^^x TRRfiteO. lifcliO. l 5taif <fc 9514 L< , 

JtRfcttO . 8 4fctt0 . 7 8T£>ixt£J: 9S34 U\ mttt , iJWfcfr:* ( 1 - 1 ) ft 
Sl^ti (1-2) OSBiLv*. 
( 1- 1 ) 0.1 <Rl/f <0. 8 

ifc, ±BRffi#0 . 4T**tfr.J: 9S4 L< , ffitf.tf . <JW>*fett3£ ( 1 - 2 ) *8IJ£-f 4 

(1-2) 0.4 <Rl/f <0. 8 

[0020] 

(2)0. 2< (D + SB) /f <1. 0 

zxfoh. mzs Bizmmim>bLx^&m&\mmm&]s>x<7>ffiiLkiz&v&£it 
■ t-rs. 

[002 1] 

§<ffl<. 4fc, is£fitf>*SHfc£ffl< . TEBO. 2 *fii.T/hS i: , * U a***;!' 

rls^yhV -y ^ttWWSr**»Tli, ±IE^fr^ ( 2 ) £»J£L$rv*i:3te*tf>o 
[0022] 

TRBffiJiO. 3T*;W*J:DM4L<, JtBRMBiO. 9T*ft«rj: 934 U*. 
iKO&ffc* ( 2 - 1 ) £»MW4«»&* J: 934 L^. 
(2-1) 0. 3<(D + SB)/f<0. 9 

4fc, ±HBtt*«0. 4 5T**tffS4>fc:J: l 5a4L<. WiOf, <X<mftt (2-2) * 
)H£-r*><9#J:9a4U\ 

(2-2) 0. 3< (D + SB) /f <0. 45 

[0023] 

ifefr ( 3 > ^yx^zxmLtM<m^Mizm^&m^comiE^mm^m^.-th. 
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(3) 0. OKI H/f <0. 1 

tits t . i h {^^Hmi^^xtAiihr & xDytn&xmTb & . 

[0024] 

itXH«iEt#^^K;Hc^oTLt TES<7)0. 0 1 ZMtX'h2<%&b. lift 
[00 25] 

TUffitio. o3^^{io. 0 4x-htiif £<omtL<. immi&o. os^^tio. o 
7 9x-htia =t oas u*. , ( 3 - 1 ) ^umit&^u nmt 

o 

(3-1) 0. 03<IH/f<0. 08 

±mi#o . 0 6-e&*uf j; oa^ t < . mm . <jw>*ftgs; ( 3 - 2 > £>wr 

(3-2) 0. 03<IH/f<0. 06 
[00 26] 

[00 27] 

^^W^MRiB^U^X^jRtt, &2miFmX't>&-iE<7)& s ¥-V>XX'bhZ bimt 
L\>K SS2flS£ 3 Pfl5fc'$-& ;tfl H<OjDX±.<olM*W«WBSit, ten;* Mb^Ill. £ fc 

X l> ftUKvim £• z b ifi-c # h . 
[0028] 

*^co^^H*U^X3fc^{±. ^1B#UyX<om2ffi*«IHIffi-C&SiEc7)^^ 
^l/yXTftoTtl^. H2®SrOIH«{c^LTIH]Bni:-r5£i:-C% J&lB5fclS2 
ffi^2oMT"HXHffiiE* i T#l»^tf?. 1ffc:«i^MR2l*|jEfc:tJV^T^Wfc:=Sr4. MZimft 

M^nttiinbLx^vvrt-fi-mififoh* ^-vv^-ivmi. &%&m<?>w—&m 
ffimxw\itzmcr>mMxmtbt>ix&. %<ntz#>. m2m&\sffib-t&ztx\ ^77^- 

[00 29] 

(4) 1 < R2/R1 < 10 

fcfc'U Rl, R2(i^ffi#pyXoAI*BfI*^miffi, Sg2fficoft¥Wt*#>l>. 
[0030] 

0. «®jrh. 3-?w.mcomjEj!mmz%:2>. rmcoi^mtx^K^^b. x-x# 

[003 1] 

JJHf»i9-C*fifcrJ: OS* U\ fltt.tr. Ketfkftft (4 - 1 ) J: 03 

(4-1) 1 < R2/R1 < 9 

TKffl#7Ta>*U*J:9HiL<. flttfci:. < 4 - 2 ) £*S£-fSO# 

ctoast^. 

(4-2) 7 < R2/R1 < 10 

( 4 - 3 ) 2r»J£-t4<0*«J: U\ 
(4-3) 1 < R2/R1 < 2. 5 
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[0032] 

*&®i<7timffi&]s>xii* miMtfamowimx'&t), m$m<mmmmi<7>£x 

Z= (y2 /R) / [1+ (1- (1+k) y2 /r2 } 1 /2] 

+ay 4 +by 6 +cy 8 +dy 10 + 

k*). Rlffilllfg, k <4Rit5git a. b. c. d. -liZiX?tl4<X. 6<X. 
[0033] 

cr>x\ miffico^-xb%$>mtf.zfc#>x\,^. 

' (5) -40 < k < 15 

[0034] 

m^hw&iffoz,. &tz~rmco-4ozmz-X'h-£<ti:ht. ^jEw^-^qfrts 
i mzti^xtmmmn-t-tt^v-tfn t>titc < tch . 

[0035] 

TGMJ4- 3 0 £ fc(4- 2 0 TifcixffJ: Oat L < . ±IHI{4 1 0 ifcli 1 TWi 0 

s*u\ mar. tfw^fl^ (5-1 > &&U4 (5-2) srsu^-n.^ioaiL 

(5-1) -30 < k < 10 
(5-2) -20 < k < 1 

±im#- 0 . 7T*#urj: oat l< , wi.tr, ac^MM ( 5 - 3 > 

(5-3) -20 < k < -0. 7 

( 5-4 ) fcilfJS.-fS^J: DM* U\ 
(5-4) -0. 1 < k < 1 
[0036] 

ifefr (6) (4. 4»:^«HflaRa^>3ajE*«ll*a^L"CV^. 

(6) 1. 0X10-8 < a < 9. 0X10- 4 
[0037] 

±Mco 9. 0 x 1 0 - 4 ZMt hX±^ <%&k. Jf WWtfWtok L , JnitffflJtfc 
4. TRtf)l . 0x10-8 SrJBiT/h$<=firSi:. liBPttfc*J*t*fWl 

[0038] 

TRS(1«. 1. 0x10-74^43. Oxio-6 X'htilX£*)M£L<. ±Hffi(4 
, 5. 0X1 0- 4 4fcl46. Ox 1 0- 5 TftiiafiOaiLv^ 09*.(f. iX^ft^ 
(6-1 ) &SU4 (6-2) £i»J£-$-*tf>j&«J;9aaU\ 
(6-1) 1.0X10" 7 < a < 5.0X10" 4 
(6-2) 3. 0X10" 6 < a < 6. 0X10"5 
[0039] 

T!eo&fr5£ ( 7 ) (4. UvX«MP3ft<?)aijE*«Effl*asrf **ft3C-C*ft. 

(7) 0.0 5 < NA* < 0.2 5 

[0040] 
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[004 1] 

±m<o 0.25 zmtx±z <%zt. mxna^im&mLi . mmym^mitm^ 

[0042] 

TUffifi o.o8 x*fotiif£ <omzt<. imma o . 2 xhtnz x mtL^\mtn 

s ac<o*ff3ft ( 7 - 1 ) J: OMifc U\ 

(7- 1 ) 0.08 < NA' < 0. 2 
[004 3] 

Tteo^ic (8) i&mmmisyx<v®&<DTvKWt<7)$m%:wm*mfeLx^h 

(8)20< l /d<95 
[0044] 

. -e <T T\ «U ttift 1 2 0 0 n mj&^ift 1 7 0 0 n mftT^AOWH^X 

o 

[004 5] 
[0046] 

TBHfili3 0 4fcli4 OTftW/i 9114 L<. ±RBffltt9 0ifc«8 5T**Uf J: 9H 

(8-1) 30 < t/d < 90 
(8-2) 40 < ud < 85 
[0047] 

(9) 10(mm) < f < 100(mm) 
[0048] 

0S*tfl. 5 1/*mRtfl. 6*tmOiftJ|O3t*tt^^3 3<0llI*f»^{CAItLn:*& 
<V®ifrftl±Ztl?tl2 . 579degt2. 7 5 1 d e gt* 0 . *OMJ20 . 172d 

(IRa) <7)Ht^ 0. 1 5mmT^S. «toT. m^Mnt LX->y^)U=e- K 
7 r-f A-?iJ (7N ) fcfljWCi, 0. 1 5mmti7r-f A-<^|^j 9i*#Vvfl.« 
fit'* 0 . A***4HSW- h z b AHffit %h . 
[004 9] 

±rro i o o *mz. $>x±z < t , mm&ftifi*mfc lx l * a . trr*> i o ^e*. 
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[00 5 0] 

JJ1T. 3|£fWBoKE*W<?5Bns*fflv^-C»W-&. 

II 1 *><bH6f2. *^BJ^^M#uyX3K^^ 1 o^BSr^-rHT** . 
[00 5 1] 

as i g)HMflj 

ii i vxyempm i hm^jobteht^ o , 0 7 tim 1 ■mmvza 

*Mm&mit,zm^xm^izfimf&ttZi>^t:ft¥ftmii> < imm&i'>X2iz?&L 

[00 52] 

3»3fctt&:8l&=$>10innu f =50mm, ffi&2a)=6^ NA=0.1, 

3WSttflB : i0WK£ flthWc =0.0131 A *MSWs=0.0539A 

film ®Sf^ r^a 

1 n=oo mum) d^is.oo 

2 r 2 =38.76 (#J£®[1]) d 2 =4.44 n dl =1.8061 v dl =40.9 

3 1-3=00 d 3=45. 63 

&m¥m 38.76 

k -3.0348 

a 3.2876X10 -6 b 7.0045X10" 9 c 3.5956X10" 9 
d -8.0661X10 -11 

[00 53] 

mismm 

m2ii^wmmm^yxm^Jk^>m2mmm<r>mmmx'h k> , msam 1 ustwcfc 

[00 54] 
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3t^Slft«:ttft=*ie», M&mmf =50miu m&2n =m. NA=0.16, 
yt^m^m : ifl«R^ «T_kWc=0.0148A JH&lWs=0.077A 

mmn mmm m&rm ?y«m 

1 1*2=00 ($-0®) d i=15. 00 

2 r 2 =30.32 <#*ffi[l]) d 2 =6.02 n dl =1.6247 v d i=52.8 

3 r 3 =oo d 3=44. 83 
#3Mf[l] 

ft^g 30.32 
k -6.9319 

a 2.6599X10 -5 b -4.7153X10 -8 

[00 55] 



m 3 it*m8mmm\s yx%&%nm 3 mmommzh 9. 0 9 usi 1 njtwcfe 

ffi^AStffl£Offi£ft It^NRffi. SttBtiom 2ffi*«t9>S ndW^g*^ S * 
[00 56] 

%M:r-* 3 

3fe^ft^:KS=O10iDi, f -50m. ■A2a»4.$& NA=0.1, 

3£¥3iHgtfi : $«R^ Wf_hWc=0. 0135 A ^i2Ws=0.0335A 

1 1-2=00 (MtQW) di=15.00 

2 r 2=34.45 (#Jfcffi[lJ) d 2 =3.00 n dl =1.8061 i/ d i=40.9 

3 r 3 =297.59 (##ffi[2]) d 3 =46.21 
#^®[1] 

34.45 
k -2.0000X10 1 

a 5.7760X10" 5 b -9.0654X10" 8 
#^ffi[2] 

ftl^g 297. 59 
k 1.6129X10 1 

a 9.2488X10" 7 b 2.2741X10" 7 

[00 57] 



H4 ittwrnmrnmu >x%&&0)m 4 mmmcommmx-h 0 . m 1 0 «ss 1 mttm^ 
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[00 58] 

3te*#tt&:IM=*10m, &M$m f -60m. m2co-6& NA=0.1, 
3W*ttffi:J8OTR£ ffl±Wc=0.0096A SMSWs=0.0489A 

1 rj=oo (3RD IB) di= 15.00 

2 r 2 =21. 63 d 2 =5.05 dl = 1.4970 v<ft=81.5 

3 r 3=181. 71 (#Sfcffi[2]) d 3 =45.09 
#*VCL] 

21.63 
k -7.5572X10" 1 

a 2.9376X10 -5 b 6.4339X10 -7 c -1.0590X10" 8 

d 1.3532X10" 10 

#J$®[2] 

i8i.7i 

k 5.1921X10 2 

a 3.1540X10 -5 b 2.9622X10" 7 

[00 59] 
[0060] 
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5 

^^ifc^:HtS=^10BHii, MM&m f =60mu ®&2o)=9Ig, M=0.083, 
: $mW& f*±Wc=0.0153A ^M&Ws= 0.0915 A 

®## m«¥« mmm mm 7y*& 

1 r!=oo (^flffi) d!=15.00 

2 r 2 =9.56 (#J£ffi[l]) d 2 =4.00 

3 r 3 =9.83 (mmi2l) d 3 =46.05 



11(11=1.8061 v,q=40.9 



9.56 

k 3.3855X10 -1 
a 1.7552X10 -5 
d -3.4276X10" 10 

mm*m 9.83 

k 0. 0000 

a 2.4008X10 -4 

[00 6 1] 

m6mt 



b 1.2283X10" 6 c -7.3313X10 -9 



b 7.4001X10" 6 



[00 62] 



(13) 



1$l!2004-27200l (P2004-272001A) 



6 

3fc¥#tt& Mm, f -25nnu H^2Q)=6|g, NA=0.2 

3fe¥*ttll& : 8WK£ «I±Wc=0.0212A HMjE3Ws=0. 0672 A 



1 n=oo d!=15.00 

2 r 2 =7.27 (##ffi[l]) d 2 =6.60 

3 r 3 =12.70 (#Jfcffi[2]) d 3 =17.00 



141=1.4970 v dl =81 - 5 



5 7.27 
k -5.6380X10-2 
a 5.2237X10 -5 
d 2.0047X10-9 
#^®[2] 

12.70 

k 6.4216 

a 3.8972X10 -4 



b 1.8308X10 -6 c -4.7178X10 -8 



b 1.2240X10" 6 c 5.7836X10 -7 



[0063] 









(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


;£BiRg< A ) 




R1/f 


(D+SB)/f 


IH/f 


k 


a 


R2/R1 


NA 


vd 


f(mm) 






1 


0.7753 


0.3887 


0.0523 


-3.03482 


3.29E-06 


CO 


0.1 


40.9 


50 


0.0131 


0.0539 


2 


0.6063 


0.4204 


0.0523 


-6.93192 


2.66E-05 


oo 


0.16 


52.8 


50 


0.0148 


0.077 


3 


0.6889 


0.36 


0.0401 


-20 


5.78E-05 


8.639 


0.1 


40.9 


50 


0.0135 


0.0335 


4 


0.4326 


0.401 


0.0523 


-0.75572 


2.94E-05 


8.402 


0.1 


81.6 


50 


0.0096 


0.0489 


5 


0.1593 


0.3167 


0.0788 


0.33855 


1.76E-05 


1.029 


0.083 


40.9 


60 


0.0153 


0.0915 


6 


0.2906 


0.8642 


0.0524 


-0.05638 


5.22E-05 


1.748 


0.2 


81.6 


25 


0.0212 


0.0672 



[0064] 
[0065] 

vrnttz-rz. ntn^WLm=FbLxm^htitzJs\mm i x'h Y ) . xuztifcjtnm&iz 
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-^l^yX6. *S#ffc*?7, titter 4 A l 3fc?«JfiS*lTV*&. 

^iiBJT'{i*7ti/>xi o 

[00 66] 

■f 5 *»4>»aj A^33t7 r -T A 5 ON Ate J: ot»i 0 =3r#&jitr 

m&ffizti Lxwi\wmmjEmj]<7)bz>M]6u>x 1 o tei ixm&zt izmtmcom* 
&&mzmitth« M&miz&m%itiztfmLtiGLmi,ziiij}%yT4J*i 3*w<ztiz 

[00 67] 
[0068] 

^7cOA#tffi8(c[Hlt»f^SrJllXLTiJ:V^ ifc. ftf ffiffi 9 (Cjg^WM^ U >-t 

-< mutckizx mm s ; t te j; o , ^^^^m^^^i-i) c t &xz 

[00 69] 

<r>tz#> , ft^mS^O^MRa* 1 * 6SBE^# v * t> OaWSFi U\ Hifrf&i 1 7 <D*>*> 0 teffl 

vipac rvxMmwhh. 

[0070] 

o k LxcoAMmmimk i-&zkffx'%&. tnwrmi.izi&ffimmx-®. o j^Rteis 
-f im-? uyxfrbcomtft&mtcoxsiMW)^*)* tzsmt**. z\<r>k 

. PItSteAStftffMgPi: UTO«l«*jS*?T#*. 
[007 1] 

&tz. BfrtzamtoRk IX itijjfty r A X 1 3 fc Lftfr\ ft*> 0 te¥SWWrc«t3*i 

%mz-$>zkt>x'Z&. 

[0072] 

HI 4t^»H^3|^^^^AT*ft*«^»«flt^jaHr*4. 12 1 4 X'liM-ftfflt 
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17. 18li-?-fLm7r7'U-^o-^fi-^A*f®. ltaJMT'J>-&. ^OSttiJffilS 

(cjdx § -eo ^ it ^Hjco^^Bm^ vxx&Tkn ai*is k & 

T^*. 1 0«S^Bm^>'X2*^^?»A3t^yXT'*>l.. Afltfflltf)* 1 B5 1 1#. ^ 
«ffi^-CA*f(it;iaffiSr[*]ffCV^. 4fc, jtajfl5-C*4*21Iil2tt, TflSifcttlH 
flSTHlJKSrtW*. 1 9(iRSt55--C*>0 3<K7C<0[flrtB*:k i.{fHW6^^^i*« 

0. Kit 5 5-1 9CJ:oTl*Jft3ftXV**. 
[00733 

c7)A^T'?>SA*^r^^'5c7)^^tB$ixl». AMtfeSAM^r-fA'so 

3'j^uyX6fci-3T(mf3ec40. isvywtfruyxi 5fcAlt-f6. z 
<r>isV>YV*})VVVX\ sttftaflHR^i bnftf&ft^znMznv-Z^Lx^h . 
iot, y'jypj #>n^ yx^mta Lteffiz l W^rfijtco^m^ t^m&ia^^i: =5: 

*tti 6c7)A*fa5^LT^jg^»o-cAS«-i». =5:fc. xmi&ommx'iz. 7r/y< 

[00 74] 

yrzrv^-^mi 6<r>MMteft¥tf7XX'h&. ZLXMl 4 fci^tSAItBl 7 
OAItgfl7J v 1 7 atfDiij&pti 1 0 0%^i£< . £ ^ftJ^hO®tii& 1 0 0%<DRSt*£ 
W-TSAItflOIRStBl 7bt^t^l». Stftffil 8ti. AStfflKStEl 7b£0R 

gi5^uT#fiRit*^t-i». -eoasjfi. Mmz^wvtz^ixwz^xm^-th 

[00 7 5] 

J: d izftftwimTiz i ^[6i^«Jc^-^i. <c>*x& J: o%mmz%^x& o . was-*-** 

i3C7r7' l J'<D-l^ny, V I PAKffl^S <1 i: •§> . y'JVK'J^yX 
fci^T ltli^i^tc^m3KL^ii^it^«co3t*A*f§*SC:t*<r#S. Cixti 0 
. W)VY»tii\sVyX£.X VMftLtzXftbffl1jfal,zwfrtiimz£'iXMiiift<7>m%& 
3fc£ltai£-£&£k ZZXib&££^XtotiiA0M&hftZ8t\liZ-<t&1jfo ( 
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